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Abstract To address the critical need for efficient image storage and transmission in aerospace appli-
cations, this study presents a CCSDS 122.0-B-1-compliant compression core implemented on FPGA. The
design incorporates innovative encoding control logic and optimized data organization through co-opti-
mization of algorithmic features and hardware constraints. A segment-based architecture with 256-pixel
blocks achieves superior compression efficiency among existing solutions, while effectively containing er-
ror propagation through segmented compression. The architecture further enables continuous quality
adaptation and progressive image transmission. To resolve performance bottlenecks in scanning and en-
coding processes, fully parallelized scanning with adaptive parallel encoding was developed, and a 50%
efficiency improvement was demonstrated in validation tests. Supporting images up to 4096 x4096 pixel
with 16-bit depth, the core delivers 90.64 x 10° samplesf1 throughput, meeting operational requirements

for diverse space missions.
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%1 REBRLEETEHEREY PSNR {E (841: dB)
Table 1 PSNR values of compressed images at different target BPP (Unit: dB)

EIG 455 {FEIE /bit BPP=0.25 BPP=0.50 BPP=1.00 BPP=2.00
bl 8 40.35 42.59 45.20 48.90
b2 8 40.34 42.84 45.73 49.75
lunar 8 27.64 30.68 35.07 41.10
ocean_ 2 kbl 10 36.03 39.42 43.89 50.71
landesV_G7 10 b 10 40.98 42.88 45.70 51.88
marseille G610 b 10 28.35 31.53 35.35 41.55
solar 12 41.92 45.01 48.73 54.67
sun_spot 12 48.97 52.61 55.50 59.68
sar16 bit 16 47.64 49.76 52.88 58.50
pl60_b_f 16 30.02 33.09 36.50 42.13

BPP=0.25 BPP=0.50

BPP=1.00 BPP=2.00

Kl 14 marseille G610 b 7ER[R BPP 4514F F RS 45 -5t kb

Fig. 14 Comparison of compression results of marseille  G6_10 b at different BPP levels
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Fig. 15 Comparison of compression efficiency of different algorithms
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Table 2 Time consumption of segment encoding and throughput for test images

200 MHzFy#FIER

FIRER  RRE/bt RFpixel BN foycle MM/ (samplecyde )" 0 )

bl 8 1048576 2399590 0.437 87.40

b2 8 1048576 2393047 0.438 87.64
marstest 8 262144 569853 0.460 92.00
lunar 8 262144 559553 0.468 93.70
ice_ 2 kbl 10 4194304 9220637 0.455 90.98
ice_2 kb4 10 4194304 8851466 0.474 94.77
india_ 2 kbl 10 4194304 8934049 0.469 93.89
india_ 2 kb4 10 4194304 8524784 0.492 98.40
solar 12 1048576 2375073 0.441 88.30

foc 12 524288 1202098 0.436 87.23
sarl6 bit 16 262144 602975 0.435 86.95
pl60_b_f 16 4194304 9700596 0.432 86.48

AR T A5 2 R BARSE RG] T8 2. AR3C FPGA SEFLE 4 TAEHIR 200 MHz, “F-H &% R
P TR 4 S BT SF 1 0.45 sample-cycle ' (B 90.65x10° sample-s .
2.21 cycle-sample ') f b B . LT XCO7 K352 T BT 2 IF AT A N sh S A A7 gm0 S
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